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Uniqueness of Heavy Quarks in QCD
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Physics Goals of Heavy Flavor Measurements

» Mass/flavor dependence of parton energy loss
» Quantify the medium transport parameter — heavy quark diffusion coefficient, DHQ
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Achievements in Charm-Hadron Ry,
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- strong charm-medium interactions

- Significant suppression of charmed hadron R,, in central A+A collisions
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Achievements in Charm-Hadron v,
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» v, of DY follows the same trend as light hadrons
» Charm quarks flow the same as light quarks
* Indication of charm quark thermalization
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Go Heavier - Open Bottom Production

Open bottom production over a wide range of momentum
Mass/Flavor dependence of parton energy loss
Cleanest probe to quantify medium transport properties — e.g. Dyq
Total bottom yield for precision interpretation of Upsilon suppression
- low p; coverage is critical

Das et al., PRC 90 (2014) 044901
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Is charm heavy enough?
Sizable correction to the Langevin approach for charm
- may limit the precision in determining Dyq
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Recent Achievements on Bottom

LHC 2.76 TeV RHIC 200 GeV

> Raa(D) (eg) > Raa(€p:s) (eg) > Raa(ep)
Raa(Wpg) > Ran(D Raa(€g) > Raa(€pss Raa(€g) > Raa(ep
CMS [Sin = 2.76 TeV : 2o "
AN LN IR IR I LN IR IR "[‘"|l\l;\vv[vvl\vll‘lxw[‘vv‘vvl‘xlv -‘:0-10°AAU+AU,V?=ZOOGeV —— ] _lll|l\\l|lv\v‘w|4|‘vv\||\vv\l‘\l\l.ll'lwllxl_
rxé 1.4r Open beauty: nonprompt J/y E | OR0%POPL S =276TeV ALICE] o 1 ta 200442014, lyl<0.35 braliminary | | AutAu fow=200GeV ;TAR Preliminary |
L i F ] : —e
1.2F * 89<p =30GeVia <12 3 S 'Z(_’c)_)e'lym;;m 1 1.8 # c+b — e (Phys.Rev.C 84,044905) 4 | 0%0% O D—e
I Open charm: prompt D (ALICE) beoely,,[<0. F —c—e g‘fpfrom e-h correlations B -~ DUKE: B—e
O 8<p <16GeVic,|y|<0.5 ] Fpboe hys.Rev.Lett.105,202301 DUKE : D—e
4 ok ] r i : D>
I-
0.8:—+ + 1 st s } E
o.s'—H . i
L + + + ] | - e e rerenn. i
0.4F .
L ¢ 4
. - & 1
0.2 @ g 1 °
07---'-“-"“"--“'---"A---'H--'-H-: R A P S DU B PR P R obo [ P Y N s
0 50 100 150 200 250 300 350 400 o0 2 4 6 8 10 12 14 16 18 20 1 2 3 4 GSVI 6 9 2 4 6 8
Noar p. (GeV/c) P, [GeViel p, (GeV/c)

* Ryp Of B-meson, b-jet, non-prompt J/y’s are consistent with light
hadrons/jets at pr> 10 GeV/c

* Less Ry, suppression for B-decay daughters (J/y’s, e) compared to
D-mesons at low py

Evidence of less energy loss of bottom in the QGP
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Requirements for Precision Open Bottom Production at RHIC

» High luminosity runs and large datasets (triggered and untriggered)
B->Jhp, B->D, B->e, B->Dr and b-jet etc.

-> Fast DAQ rate

* Fast silicon detector with ultimate pointing resolution
Next generation MAPS sensors with much shorter integration time < 20 us (vs. 186 us)
- high efficiency at high RHIC luminosity, particularly at low p;

=
L
> 1~
O HFT'(10ps)
GCJ HFT'(40us)
s 18%
= HFT(200s)
LLJ
C
il
0. 0.5 . \ S S —
% STAR HFT configuration
C
n Au+Au 200 GeV @ 2020
ZDCx = 100 kHz
0 | | | | |
0 0.5 1 1.5 2 2.5 3
P, (GeV/c)

Mar. 8, 2017 SPHENIX MVTX Physics Discussion X. Dong




Physics Channels

Hadron Abundance
DO 56%
D* 24%
D, 10%
A, 10%
B* 40%
BO 40%
B, 10%
Ay 10%

B—J/y+X 1.2%

B—D +X 60%
B—e+X 1%

B* —=D'n* 05%
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Estimation for Non-Prompt DY

* Single track efficiency, DCA distributions taken from full Hijing + GEANT simulations

» These fed into a fast Monte Carlo package to generate the distributions for signals (prompt
and non-prompt D) as well as combinatorial background
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Rep (0-10%/60-80%)

Physics Performance via Non-Prompt D°

100B MB Au+Au collisions at 200 GeV
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Assuming signal scales with N,;,, background scales with Npart?

To-do list:

 Tracking improvement

* Realistic estimation on the pileup MB/UPC hit density at MAPS sensors.
» Decay channels B->D, B->JAhp, B->e and B->Dr efc.
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Baryon/Meson Ratios

A, and HQ Correlations

High statistics A, measurements

A./D° enhancement sensitive to
- charm quark hadronization,

thermalization, domains in sQGP etc.

Heavy quark correlations

* More sensitivity to HQ-medium interaction,
thus better determination of AE mechanisms
and Dyq

* LHC vs. RHIC — different initial pair
correlation/medium dynamics
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D, Enhancement in Heavy lon Collisions
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-Significant D,/D® enhancement in mid-central Au+Au and Pb+Pb collisions
w.r.t fragmentation baseline or p+p measurement

- Coalescence hadronization
- SHM predicts D/DP° ratio ~ 0.35-0.40 (central) a. andronic et al, PLB 571 (2003) 36
- relation to charm quark thermalization in QGP?

14
Mar. 8, 2017 SPHENIX MVTX Physics Discussion X. Dong



A, Enhancement in Heavy lon Collisions
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» Significant enhancement in A/D compared to PYTHIA/fragmentation baseline
« The A/DP ratio is compatible with light flavor baryon-to-meson ratios
» Consistent with coalescence + thermalized charm quarks
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Summary

» Heavy-flavor phase-l program at RHIC (2014-2016)

» Heavy-flavor phase-Il program at RHIC (2021+)
— Open bottom / correlation measurements
- Complementary to the HF program at LHC

» Fast MAPS silicon detector is necessary and will deliver the physics

- Precision charmed hadron measurements from STAR-HFT/PHENIX-(F)VTX

1 1 L 1 (1 40
T T T T T |_ i
051 Parton Energy Loss tos & - Diffusion Coefficient
B X i paCOLO ...
O 30 T
04+ +0.4 B
T-Matrix F-po!
CH P " 20
5031 103 B
51 \ : B -
o e ‘-,_'5;9
D G‘
0.21D 10.2 10 1 T-Matrix U-PO!
5 Lattice: Banerjee
) . MC@sHQ
| ' | l | | 1% 0 [~ | &’Llattice:Ding
' g y ! 1 0.5 1 1.5 2
0 10 20 30 40 50
pr (GeV) T/TC

Buzzatti et al., PRL 108 (2012) 022301

Mar. 8, 2017 SPHENIX MVTX Physics Discussion

arXiv: 1502.02730, 1506.03981

X. Dong

16



STAR Heavy Flavor Tracker
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STAR HFT/PXL - first application of MAPS pixel detector at a collider
- Aim for precision measurements of charmed hadron production in HIC
- PXL detector designed, developed and constructed (including mechanics) at LBNL

- First layer thickness: 0.4%X, . : - L
- Pitch size 20.7x20.7um } critical for ultimate pointing resolution in wide p

- Integration time: 186 us (see next page)
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Hit Density on STAR PXL at RHIC Environment

Simulation@50kHz

PXL inner | PXL outer
Radius (cm) 2.8 8
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Uniqueness at RHIC

Uniqueness at RHIC

- dominated by pair creation, clean interpretation for experimental results

Pair Creation
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Single Pion Efficiency (a.u.)
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Fast MAPS Detectors at RHIC — STAR HF T+

Transverse Momentum P, (GeV/c)

STAR HFT+ upgrade / sPHENIX pixel detector:
- Faster (<20us) MAPS sensors — benefiting from ALICE ITS upgrade
- Aim for precision bottom measurements in 2021+ at RHIC
Complementary to LHC heavy flavor program
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Pointing Resolution R-¢ (um)

Pointing Resolution and Efficiency
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Tracking Configuration Study
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Tracking Configuration Study

R-¢ Pointing Resolution .vs. Pt
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